Most of the work reported in this paper was done under a government-sponsored co-operative research program. One of the problems at this laboratory involved a comparison of the various strains of the Penicillium notatum-chryogenum group which have been isolated or developed in oo-operating laboratories.
Duplicate tubes containing 0.01 ml of ifitrate were analyzed. From the values thus obtained were calculated the mycelial nitrogen (by difference from the zero time sample) and the organic nitrogen of the medium (by subtracting the ammonia nitrogen values).
Ammonia nitrogen. Samples of undiluted ifitrate were analyzed for ammonia nitrogen by a modification of the aeration procedure described by Umbreit and Bond (1936) . A bank of 18-by-150-mm test tubes was constructed in sets of two tubes, one for the sample and one for the acid. The addition of a few drops of water-white caprylic alcohol (practical n-octyl alcohol, Eastman Kodak Company) was necessary to prevent frothing of the samples. Since the aeration is considerably slower in this size tube than in those used by Umbreit and Bond, a higher pH was used to hasten the liberation of ammonia. An excess of alkali (1 ml of 10 N NaOH) was used, and aeration at a rate of 40 to 50 ml per minute continued at least 15 hours at room temperature. It is known that this alkalinity liberates easily hydrolyzable ammonia (as in certain amides) as well as ammonia from salts. The results, therefore, represent free and loosely combined ammonia. In the case of the unfermented steep liquor this combined ammonia is roughly 40 per cent of the total ammonia, 60 per cent occurring as free ammonium salts.2 Two 5.0-ml aliquots of each sample were analyzed. The receiving acid was approximately 0.09 N H2SO4 containing methyl red. After aeration the tubes and several blanks were titrated with 0.0357 NaOH (hence, when using a 5.0-ml sample, the titration difference multiplied by 10 represents mg ammonia nitrogen per-100 ml of medium).
Preparation of the inoculum. 25.0 Table 1 shows the effect of temperature and NaCl concentration on the sporulation of several cultures. Peptone is required for mycelium formation, and the NaCl concentration is important for sporulation at 30 C but not at 23 C. The omission of any one constituent, other than peptone, has no effect in retarding sporulation. After incubation at 23 to 25 C for 4 days (or, for certain cultures, 30 C with the high salt medium), the plates were stored at 10 C for as 2 It has been found that a more exact liberation of ammonia from the ammonium salts alone can be accomplished by 24 hours' aeration at 40 to 50 ml per minute at pH 9.7 to 10.1 (0.5 ml saturated Na2CO3 per 5.0 ml sample).
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[ The bottles were incubated in a water bath at 23 C. The 200-liter fermentations were conducted in the 100-gallon tanks described by Stefaniak et al. (1946) . In order to find mold cultures which produce large -amounts of penicillin, it became necessary to test a large number of strains of the Penicillium notatumchrysogenum group. Co-operating workers at this and other universities conducted many preliminary small-scale tests using various techniques to separate poor penicillin-producing cultures from possible good producers. In this laboratory experiments were confined to shaken flasks, 9-liter stirred and aerated bottles, and 100-gallon tanks. The cultures which reached the shaken-flask test were tried under a variety of conditions, but none gave better yields than the control organism (Penicillium notatum NRRL 832) in the early tests. It was realized that conditions in flasks were not comparable with those in large tanks (Koffler et al., 1945; Bowden and Peterson, 1946) . Fortunately, 9-liter stirred and aerated bottles were found to give good yields in 5 to 6 days, and the conditions were more like those in tanks. A number of cultures were compared by this method, and the results, shown in table 3, indicate the superiority of some cultures over others. The best strains appeared to be Penicillium strains 45417 and X-1612. It was possible to test most of these superior cultures in the 100-gallon tanks.
Conditions for tank fermentations. Some of the characteristics and conditions of tank fermentations have been discussed by Stefaniak et al. (1946) and ammonia nitrogen) were determined in order to ascertain roughly the metabolic characteristics of the cultures and the nutrient conditions throughout the fermentations. The information on carbohydrate metabolism and its relation to the changes in ammonia concentration and pH value, which has been discussed by Koffler et al. (1945) , was exemplified repeatedly in the tank fermentations. Thus glucose was found to be unsuitable for a comparison of cultures because it was utilized too rapidly; this resulted in a low pH value early in the run, rising too slowly for good penicillin production, a deficiency of available ammonia nitrogen in the penicillin-producing phase, and an early autolysis of mycelium on exhaustion of the carbohydrate. However, the ammonia level in some lactose fermentations tended to rise too high; this condition could be corrected by the addition of a small amount of glucose to the medium in order to stimulate the fermented steep liquor runs. Hence, the pH value is usually higher in these runs. The penicillin yields are usually higher in the regular steep liquor fermentations; hence, regular, unfermented steep liquor was chosen for the standard comparisons.
There are many factors which affect the pH of a fermentation. A comparison of NaOH and CaCO3 as neutralizing agents is given in table 6 for several cultures.
It will be seen that the CaCO3 medium usually gave higher yields, earlier penicillin maxima, and lower pH values than the NaOH medium. For these reasons CaCO3 at a level of 1 per cent was used regularly.
In temperature experiments with shaken flasks a temperature optimum around 23 C was observed. A comparison of several temperatures in tank fermentations showed that the optimum range was rather broad. A temperature of 20 C retarded the fermentation but normal yields were eventually obtained.
Temperatures from 23 C to 32 C were tested and found to give variable results; sometimes the higher temperatures gave rise to rapid fermentations which resulted in lower yields, but occasionally a good yield was observed even at 32 C. Nevertheless, a temperature of 23 C was used for all standard fermentations.
In brief, the choice of a standard medium for comparison of cultures depended on the ability of the medium to maintain good penicillin-producing characteristics: rapid mycelial growth, presence of a slowly fermentable sugar, presence of ammonia nitrogen during lactose utilization, pH values from 7.0 to 7.8 during the penicillin-producing phase, and late initiation of autolysis. The medium best suited to meet these requirements seems to be 3 to 4 per cent lactose, 4 per (Stefaniak et al., 1946) stock I (kept at room temperature). This loss of activity could not be correlated with any other factor, such as differences between lots of steep liquor. Soil stock II was somewhat closer to the original strain of X-1612 (it had been stored in a cool room). Fermentations with it appeared to be similar to the early fermentations with the other soil stock culture.
The ultraviolet mutant from strain X-1612, called Q176, and the single cell isolation from it, strain Q176-A8, gave promising results in shaken-flask experiments, appearing equivalent to each other but superior to the parent strain. The tank fermentations revealed the superiority of strain Q176, but its variability in fermentations indicates that it may be an unstable culture.
It will be seen from table 7 that only a few fermentations were run on the majority of the cultures. Hence, chemical analyses and penicillin values are not available for an accurate comparison of these cultures. Figure 1 is a graphical representation of the analyses of several typical fermentations. P. notatum NRRL832 is included for comparison, since it was used widely in early experiments. There is no assurance that this represents its normal behavior in tank fermentations. The other three graphs are more or less representative of the normal or average tank fermentations for these strains of P. chry8ogenum under our standard conditions. Strain Q176 uses lactose more slowly than strain X-1612. The liberation of ammonia from organic nitrogen during mycelium formation is evident in these fermentations. When the available organic nitrogen is utilized, further growth occurs at the expense of lactose and ammonia nitrogen. Mycelial growth is limited by the amount of organic nitrogen and ammonia nitrogen in the medium (since an increase in mycelial nitrogen ceases upon the exhaustion of available ammonia nitrogen). Because strain Q176 grows more slowly than the strains 1951-B25 and X-1612, it uses ammonia nitrogen more slowly than the parent strains. 
SUMMARY
The penicillin-producing properties and the gross metabolic characterstics of a number of strains of the Penicillium notatum-chrysogenum group were compared. The fermentations were conducted in 100-gallon tanks.
The conditions, aside from adequate aeration, apparently necessary for optimum penicillin production are rapid initial production of mycelium, the presence of a slowly fermentable carbohydrate and available nitrogen (e.g., ammonia), and the maintenance of a pH value between 7.0 and 7.8.
The penicillin yield under these conditions varies widely with the culture used. Of the many strains tested, the mutant P. chrysogenum strains X-1612 and Q176 have been found to produce the highest yields. Strain X-1612 yields 400 to 500 units per ml, and strain Q176 gives 700 to 900 units per ml.
